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0 Cell-incubator. 

®Ace,l-incu.atorcompr.ingat,ousingO^ 

outlet port (10) for the ^^:2^'fJ which is provided on '^f^^^^^l^^J'^.'et port for the first 
outlet port (12) ^l^'^^l'^^'^^Z^^o, communicates with the ^^^^^^^^.i^a^s with the inlet port 
2 channel (5) which ,s formed J the ro ,^ ^^^^^^ '"^^(2) whS constitutes at least a 

< medium, a second medium ""'^ ^J^^^^ g, substance exchanging '^«'^''^^"^JJ) ^hic' ^^.^^^ 
CVI and outlet port ;^or the -ond me^^^^^^^^^ ^^^^ ^ -cond f bs^^^^^ ^nfcXCe chamber (4) which 



. .and outlet port for the '^^^^^^^ channel, a second ^"b^t^"'^^ ^^J^^^^^^^ 

s:rr.rr;re s r::^- ~ 

CO 



a. 

LU 
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Cell-incubator 



a surface of separation membrane. ^^°^«^^^V hr^L tl smootrrnusde cells, and cerebral cells, or high- 
For example, interstitial cells such as ^''^^f '^^^^Jl .^^g cells, and epithelial cells 

functional cells such as hepatocytes, P^^^^^ ^ ^ "^LT igh^ a^^^^^^^^ dependency. Therefore, 
cannot be cultivated by suspension culture, because ot 9 ^^^^^ ^^^^^^ 

suspension culture of these high-funcfonal cells ^^^^^^^^^^^^^ .educed cell activities due to 

, surfaces of beads which are ca led ."^"3*^3;^^^^^^^^^ Moreover, s.nce perfusion fluid is 

-'rL"~"ernrs^fac^ Of a ^^^^f-:c::i^^:zr^^ 

3 cells are charged outside the fibers, and ^^-f^^^i;^^':^^^^^^ iecessary in combination. 

n^-regard to the cell-culture on a surface -;j^-^;VZ^:j^T^ 
,0 substance exchanging device of ho.^^^^ TL^ZT^o^^^^^-^^- An approach to tissue 
surface of the fibers (e^Q- '"'^^'f.I'^- .p'L incubator of hollow fiber type, cells and a perfusion 
growth in vitro, SCIENCE, vol. 178,65, ^^^^M";"'^ -_bran9 thus the membrane is functionally 
?uid are contacted with each other through ^''^^l^rZTaasLrincenM adjustment which is 
restricted .0 transfer solutes only. Therefore, when P^^°;^^^^^^^ ^1,,,, i.eubator is mounted in 

,5 essential for cell culture, a large ^^'^^^^^.^'^^^^^^^ order to precisely flow incubation 

30 conditions. . ^, . pomorisina- a housing which has a room defined by 

This object can be attained by a ceil-mcubator compr>smg_ a hous g ^^^^.^^ 

housing walls, an inlet port and an outlet port ''^^ '^^^^^^ J^^^.^J, ,3 on the housing wall, 

wall, an inlet port and an outlet port for the the inlet port and outlet 

a first medium fluid channel --^'"^^ '^f^^'^;" i^ch iTZed in the room and communicates 

35 port for the first medium, a second medium fluid """'J" .3..^^^ exchanging membrane which 

with the inlet port and outlet port for the '^^^^^^^^^^^^^^ exchanging 
constitutes at least a part of a wall defining the f ^ 7^^^ 3™, medium fluid channel, and cel. 
membrane which constitutes at J\%P;^^\°^ ^„^;'''^?J,"rfluid channel and the second medium fluid 
culture chamber which is '^'^^^^''^^^^n J f"st and second substance exchanging membranes. 
^° ^ntte^Terr f^^^^^^^^^ the following detailed description when taKen in 

-nrrrrVo^s^^^^^^^ wording to one embodiment of the present 

'"''""S 2 Shows a method to utilize a cell-incubator according to the embodiment in Fig. v. 

rnrar::'rcet=^^^^^^ - the first and second mediums. These 

channels may be used for both liquid flow Qas flow. substance exchanging membrane 

A fluid channel for liquid medium may ^ ff^^^'^^'^ZTan dimeter. Examples of the membrane 
which is porous membrane having pores of 5 A -JOumm rr-ea" d a ^^^^^^^^^ ^^^^^^^ 

include a separating membrane °J J.^^^^^ 



45 
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tluorlde which if known unasr tn« uadsname Te'lon^ ,„ , 

culture chamber. Collagen gels may be cnafgea y chambers. Between two 

rrr,rirrr.ir:;%rn. , ....^ - 

Is provided. celHncubator of » invention, cells lo be cultured are 

When cell-culture is performed by ufilizing a '=»'"™""'° „ , „,dlum fluid channel and a 

Charged in a culture chamber, and each of given 'l^'T'^^^^^^ ^'^t "Cd fluid channel, and 
second medium lluid channel. For e«ample^ a ^"^J^"'^„^^l, gas ,Z channel. Due to this 
incubation gas mixture confining required 9»= "9™^'!" ' J'/*^!;,^"„^^^ 

construction, a fresh culture solution can ''^^^^'^'^^l^^'l^^^^r. ,ajy removed through the 
: culture chamber and waste °'"'»?J™7/;,^"^^^^^^^ 

:rb;r;n*r"«:e"re"c'ha:rr Z'SZ".^^,'^^ - mamtamed at optimum culture 

re^elore good cell-culturlng can be obtained without either cart,on dioxide gas Incubator o. a gas 

" "-';;i:^rwrh:i:Serrcrurr^^^^^^^^ 

Xtr- rJ'^rorSr^urrugh rtrlnnel^o^ the second channel. The 

, rsi'r: :;;r.'cXe^ ge" - cha,g,d . ^ °' 

^'"'oTloTable hlgh-densltv culture 0, hepatocytes. and thus make the ar«flo,a apparatus 

?o m^ntaln aCities of the hepatocytes for a lo^^^^^ --JV ^ans °f ~ - ^ ^Z. 
" rn^h^J'S rchi^rurtnVr;crS.tl encosed together with the hepatocytes. 

l?rsu=S rhargrm-Sfdryed. t. he^toctes can be avoided to 

of reaction efficiency. water-containing ratio to be molded into fine fiber shape or th.n 

,l,m sSr ^^--r Xera^rmrS'r:: ct be increased to eminent,, promote reaCon 

" ""=rar.«c,a, liver apparatus of the invention has ^^^J^'Z'i::£Z^'S<>'Z.^:^^^": 
porous membrane. Blood or blood plasma '» ^'f „, hepatocytes. Therefore, blood 

pSrrmrdrerr - the prese. invention are described as 
1. reference numeral 1 

50 exchanging membranes 2 and 3 are ^^^"^J^^^^^^^^^^ 4. A compartment under the 

into three compartments. The center '^^^^P^^^'Jf'"^^^^^^ ^bove the chamber 4 is a gas fluid channel 

chamber 4 is a liquid fluid channe an'^^^^^^^^^^^ on the side walls thereof. Ports 7 and 8 

6. The housing 1 has several miet PO^^^ ^"J ^"/^'^^^^^^^^ 1-^ber 4. Ports 9 and 10 are inlet port and 

are for charging cells and communicated ^"'^ ^^w^ich a^c?^^^^^^ with the liquid fluid channel 5. 

- - gas. both o, w^ch 

^°%T"r :;th'o" rseTe" :llMncubator described above. First, cells to be cultured are charged 
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10 



15 



20 



into the culture chamber 4. At this lime, cells are preferably contained In a suspension which is sjJPP^ed to 
he celcharnTng port 7 through the line 1 3. A culture solution stored in a tank 1 4 is circulated through the 
icuid Jd chl n'nel 5 by a pump 15. At this time, a heat exchanger ^6 is preferably provided m the orcuitto 
adiust he emperature of the culture solution. While, through the gas fluid channel 6. '^f ^J^" 
oSared to include given ingredients of gases (e.g. gas containing O.) is flowed by a pomb 17^ By above 
^Se" ures he conditions shown in Fig. 3 are obtained in the inside of the -i'-^ncubator. As show^^ - he 
Sgure. the culture chamber 4 is supplied with cells 18 to be cultured the liquid "^^ J^^^^^^^^^^^^^^ 
culture solution and the gas fluid channel 6 is with incubation gas containing Oa. From the culture solution 
to he ce I S in <:ulture chamber 4. solutes such as nutrition ingredients which are necessary for cell- 
cul ^rinq are supplied through the substance exchanging membrane 2. Also, from incubation gas flowing m 
SiToTs crannel 6 to the ceSs 18, Oa which is necessary for cell-culturing ,s supplied through the substance 
Txchanging memlane 3 AS a result, desirable culture conditions can be maintained in the culture chamber 

' 'ir^lT^^erer..^^^^^^^^ of a cell-incubator of the present invention. For this 
Dlura of culture chambers 41-46 are stacked. Each chamber is separated by either a liquid f'-'d channel or 
fgi flu'd channel. As shown in this embodiment, the cell-incubator of the present invention can be 
realized also in such a form in which any number of culture chambers are stacked. 

For both embodiments shown in Figs. 1 and 4, the first medium fluid channel ,s used for flowing a 
culture so^Son and the second medium fluid channel is used for incubation gas. However if C'^cumstances 
reaZ both of the first and second medium fluid channels may be used for flowing a culUare solution, and 
both ct;annels are also used for Incubation gas. In other words, culture solutions of two kinds can be flowed, 
or incubation qases of two kinds can be supplied. 

^he following is description of examples with reference to manufacturing and use of a cell-.ncubator of 



25 



the invention. 



Example 1 (production of a cell-incubator) 



A stock solution for forming a Rim comprising polypropylene, liquid paraffin and additives was extruded 
.n from a T-die and cooled in a Hquld paraffin solution, thereby being cured. The resultant solid was treated 
wUh a sLvtnt to eSact liquid paraffin and was thermally cured, A hydrophobic porous membrane A is thus 
rlned which has no skin ^ayer and is 0.45 urn in mean hole diameter and 80 um .n membrane 

Also' a hydrophobic porous membrane B was obtained, which is 0.05 um in mean hole diameter and is 

IS 130 am in membrane thickness by the same procedure as descnbed above. 

Nex the obtained hydrophobic porous membrane A was punched out into a sheet of PfJ^^^'^f 
shaoe Th s Sheet of membrane A was disposed in a reaction container (30 mm in inner d'a"^eter) of a 
l^ma tTeatmenrmachine such that the sheet was not contacted with the side-wall of the container. Then 
o asma wS genia'edTy a^^^^^^^ W power to induction coils which was connected to a Ngh-frequency 
.0 ineTrr ofTsTMHz underL conditi^ that Ar gas is at 0.1 Torr, in order to irradiate ^drophobic 
" o fmerl^brane A with the plasma for ten seconds. After the P'---^-^'!;'--,'!^^^ 
gas was introduced in the reaction container, and graft reaction was performed at 20 C 
Snutes The obtained membrane was washed with methanol in Soxhlet extraction apparatus or 50 hours 
Tnd Sed under reduced pressure. The membrane thus treated was found completely hydrophil.c including 

" t:ZZ::n:":' T^TZ made to hydrophmc as described above and the Hyc^-Phobic --'^^^^^^^^^ 
B were wefded. such that between the membranes an inlet port member and a o"«et port member ma^^^^ 
Lrypropylene were mounted, to produce a construction of a wrapper form. This construction was fixed m a 
molded form of housing as shown in Fig. 1 to form a cell-incubator as shown for Fig. 1. 



so 



Example 2 (cell culture) 



55 



From Sprague-Dawley series rats of 5-8 weeks (male), hepatocytes were separated according to Seglen 
method etc 4 x 10' of the hepatocytes were mixed with 2 x 10' fibroblast cells (passage number. 2-8) 
:hth tfobUineiVseparatin'g lungs of newborn rats (male) of 3 days of the same 
by collagenase-treatment. The cells obtained were suspended in a solution of 50 ^^-^f °1 
Sllagen A culture solution was prepared by adding 0.4 ug/mt of hydrocortisone. 5 ug/mt of insulin. 5 
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70 



15 



in.o M rhniPra toxine lO"' M adenin. 10 ng/ml of EGF. 

t:o°' rr:. sir* : ^ " 

r 'rr.rf« rs~rat — ....ce ,o n, . was 

'""robrro^trsrnm .a, ^u,*,. ^.^^^^ -ormed a n««»l> cons..c,io. through a» 
me gel to give Imercellolar bile duct structure. 

Example 3 (use as a artificial liver apparatus) 

L cohducted tor simulated patient's <'''>^J' ';^'''"^;^„^, „ ng. 2. Shd supplied to the liquid fluid 

charrrmr - - "™ "'^^ 

■"Tg'lTSof the Simulated pa.e.fs olood used ar,d the circulatihg conditions are as follows. 



25 



(the simulated patient's blood] 

haparinized bovine blood (heparin: 3 units/ml); 500 ml 
hematocrit value; 35% 
ammonium chloride; 500 txg/dt 



30 [circulating conditions] 

a flow rate of the simulated patient's blood; 100 ml/minute 
a flow rate of oxygen: 150 ml.minutes 

Table i 



40 



45 
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Ammonium (ug/oi) 


Urea 
(mg/dt) 


before circulation 
30 min. after circulation 
60 min. after circulation 
120 min. after circulation 
180 min. after circulation 


530 
500 
480 
450 
420 


15 
17 
19 
22 

25 1 



.0 aole ,. «s artLclal liver enables ac..«es o, .e hepatoses to maintain high. 

"4rL apparatus 0, .e invehtion . whioh hep^.c.. has a.ead, 
continuously performed for a long time. 
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Claims 

1 . A cell-incubator comprising; 
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15 



20 



r'i„,e, pen „„ aoa »n ou« por, „a, ,or a seen. .^,u.. ^ », P«,s «,n, p,o.«ed on 

.!« chann,, ,5) ,crmed ,„ said rooo, C housing. « channel c.n,™nica.ng * «,e 
rr:.:erJtralMei S:^"".. ^--^ », « .o.,n,. .e canne, oo.n,un,ca,n, ..e 

cena««s a, .eaa, a p.. 0, a «a. sa. 
fstTn^supS:' e.ch.n,ln, n,e.».an, ,3, cons«„«s a, ,.as. a pa,, o, a w.„ denning ea,d 
second nnediunn fluid channel, and ^c^Hinm fluid channel and said second medium 

irZ^^ o, :raeS:r:^--er»:rS^ ^.d and second _ 

exchanging membrane. , ^ua«rtori2Pd in that at least one of said first medium fluid 

2. A cell-incubator according to cla.m 1, '"f ,, " doling a liquid medium, and a 

rs:atrts^;rerr:;cVri;:/:i:r.::rcu^^ ■ 

'"3"Trnc=~-.o c,a™ ----- 'rie?.nr, rV^S;" i'dt 

:rr :rn;:;°r.=:Snri^^^^ - - 

a hydrophobic porous membrane. characterized in that said first medium fluid channel .s for 

all of which being charged into said culture chamber^ characterized by further comprising a 

' *'?^'; ce..lnc.^o, acco,d,n, .o an, cne p, c,a,.s - ~ta^ ,;™:l?rnne" and 

, iri"i^:^'iTJ. ::r,rr« ?ir':i«*: *e po^a p.., .p^ded on 

r 'in,,. pc« and an ou« po« 0« <o, an px«en.cn..nin, ,as, Wh d. « PO-s bein, 

rjrcrann:M'5°Sed i; 3a,d ,pon, o. ,Ke nouslng. me channel cpn,n,onlca.n, aald inle, po. and 
" r" "cltreMei'S ln".'d ropm 0. Ihe hpusing. me channel con,n,unica.ing w» s*d Lie, ^ and 

f^,srre«;S'— ^^^^^^ " ' »■ ' - 

*rexc-^i"« .empran, ,3, «hlch cons«u,.a a. leaa. a part 0. a »a.l dallnln, a.d gaa channel -or an 

oxygen-containing gas, formAH between said blood channel and said 

.arhS'irr^re^^^prd: r^d htr^all anJ co.™.ca..d * a^ chan,Pe, 



for the ceils. 
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X — medium^ 



F I G. 3 



channel are provided alternately. 
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